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Supplementary Table 1. Data collection statistics for tilt-series acquired using BISECT. 

Monodisperse (SPA) and pleomorphic (CET) samples with varying ice-thickness were acquired 

using different tomographic imaging conditions. All datasets were collected using a 5x5 BIS 

pattern. The number of ROIs imaged per BIS area for the pleomorphic samples was lower than the 

monodisperse samples because we skipped empty holes (the average number of imaged ROIs is 

reported in this case). CTF-fit resolution values for each session are reported as indicators of 

optical image quality (max/mean CTF-fit values were calculated over all tilted images in a dataset). 

Sample Name/Type dNTPase Monodisperse Pleomorphic 

Ice thickness (nm) <100 <100 100-300 

Camera K2 K2 K3 K3 K2 K3 

Pixel Size (Å) 1.37 1.37 1.69 1.38 1.37 1.37 

Tilt-Range (º) ±60 ±36 ±60 ±36 ±60 ±36 

Number of Tilts 41 25 41 25 41 25 

Total Dose (e-/Å2) 120 120 120 120 120 120 

Areas Imaged 5 11 9 13 44 62 

ROIs per BIS Area 25 25 25 25 10 16.4 

ROIs per Hole 1 1 1 1 1 4 

Number of Tilt-Series 125 275 225 325 444 1017 

Max/Median 

CTF-fit Resolution (Å) 
3.1/7.2 3.0/5.3 3.1/6.7 3.2/6.8 3.1/10.7 3.1/5.2 

Total Time Per  

Tilt-Series (min) 
7.6 4.7 3.0 2.1 14.7 2.4 

 
  



Supplementary Table 2. Data processing statistics for CET and SPA datasets of dNTPase. 

All images were collected using a 5x5-hole lattice with the stage centered on the target area and 

each hole acquired using BIS. The two CET datasets were processed using SVA/CSPT and the 

single-particle dataset was subjected to SPA refinement. 

Modality BISECT/CSPT BISECT/CSPT SPA 

Pixel Size (Å) 1.37 1.37 1.37 

Number of Frames 
4 per tilt 

(41 tilts per ROI, ±60º) 

11 per tilt 

(25 tilts per ROI, ±36º) 

60 per ROI 

(no tilting) 

ROIs Imaged 125 (64 selected) 275 (64 selected) 2,275 (64 selected) 

Number of Sub-

Volumes/Particles 
29,925 34,435 34,190 

Estimated Resolution (Å) 4.9 3.6 3.3 

 

Supplemetary Table 3. Primers used for the cloning of dNTPase. Sequences are oriented 5` 

to 3`. 

Name Sequence 

dNTPase FWD TACTTCCAATCCAATGCGCAAGTATCCCTAAACCCTGAGTGG 

dNTPase REV TTATCCACTTCCAATGCTAGTAATGACTCTGCGCTGAGAAGAG 
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6XSSOHPHQWDU\�)LJXUH����,PSOHPHQWDWLRQ�RI�ZRUNIORZ�IRU�WLOW�VHULHV�DFTXLVLWLRQ�XVLQJ�%,6(&7�DQG�
DFTXLVLWLRQ� WLPHV�SHU� WLOW�VHULHV� DV� D� IXQFWLRQ� RI� WKH�QXPEHU� RI�52,V�� �D��0LGGOH� EUDQFK� VKRZV� WKH�
VWDQGDUG�SURWRFRO�IRU�WLOW�VHULHV�DFTXLVLWLRQ��7KH�ER[�RQ�WKH�ULJKW�VKRZV�WKH�WUDFNLQJ�VWHSV��DQG�WKH�ER[�RQ�
WKH�OHIW�VKRZV�WKH�WDUJHWLQJ�VWHSV��2SHUDWLRQV�GRQH�E\�6HULDO(0�DQG�RXU�FXVWRP�3\WKRQ�URXWLQHV�DUH�VKRZQ�
LQ�SXUSOH�DQG�EOXH��UHVSHFWLYHO\���E��&XUYHV�VKRZLQJ�WRWDO�DFTXLVLWLRQ�WLPH�SHU�WLOW�VHULHV�DV�D�IXQFWLRQ�RI�
WKH�QXPEHU�RI�LPDJHG�52,V�XVLQJ�%,6(&7��$FTXLVLWLRQ�WLPHV�PHDVXUHG�IRU�WKH�.��DQG�.��GHWHFWRUV�DUH�
VKRZQ�LQ�EOXH�DQG�RUDQJH��UHVSHFWLYHO\��7KHRUHWLFDO�ORZHVW�WLPHV�SHU�WLOW�VHULHV�VKRZQ�ZLWK�GDVKHG�OLQHV��
&DOFXODWLRQV�ZHUH�PDGH�EDVHG�RQ�H[SHULPHQWDO�DYHUDJH�WLPHV�DVVXPLQJ����LPDJHV�SHU�WLOW�VHULHV����H��c��
SHU�WLOW��DQG�WKH�VDPH�WUDFNLQJ�DFFXUDF\�IRU�HDFK�52,�
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6XSSOHPHQWDU\� )LJXUH� ��� 3HU�WLOW� DVWLJPDWLF� &7)� HVWLPDWLRQ� RQ� WLOW�VHULHV� IURP� GLIIHUHQW� &(7�
VDPSOHV��6OLFHV�WKURXJK�WRPRJUDSKLF�UHFRQVWUXFWLRQ��WRS���ILWWHG�&7)�PRGHO�DQG�FRUUHVSRQGLQJ��'�UDGLDO�
SURILOH��UHG���HVWLPDWHG�GHIRFXV��JUHHQ�GDVKHG�OLQH���DQG�&7)�ILW�VFRUHV��EOXH��IRU�SURMHFWLRQV�DW�KLJK��������
LQWHUPHGLDWH� ������ DQG� ORZ� ����� WLOWV� �ERWWRP��� IRU� WLOW�VHULHV� GRZQORDGHG� IURP� (03,$5������� ����
WLOW�VHULHV���(03,$5������������ WLOW�VHULHV���DQG�(03,$5��������VLQJOH� WLOW�VHULHV���FRUUHVSRQGLQJ� WR�(��
FROL� ��6� 5LERVRPHV�� LQWDFW� 6$56� &R9��� VSLNH� SURWHLQ� RQ� LQWDFW� YLULRQV�� DQG� ODPHOOD� IURP� \HDVW� FHOOV�
JHQHUDWHG�E\�),%�PLOOLQJ��6FDOH�EDUV�DUH����QP�����QP�DQG����QP��UHVSHFWLYHO\��'HIRFXV�YDOXHV�UHSRUWHG�
DV�>')���')���$67@�DUH�DV�IROORZV��(03,$5�������DW�����>������������������@��DW�����>��������������
������@��DQG�DW���� >�������������� �����@��(03,$5�������DW����� >�������������� ������@��DW����� >�������
������� ������@��DQG�DW����>�������������� ������@��(03,$5�������DW�����>�������������� ������@��DW�����
>�������������������@��DQG�DW����>�������������������@��'HIRFXV�YDOXHV��')��DQG�')���DUH�H[SUHVVHG�LQ�c�
DQG�DVWLJPDWLVP�DQJOHV��$67��LQ�GHJUHHV��&7)�ZDV�HVWLPDWHG���WLPHV�IRU�HDFK�GDWDVHW�ZLWK�VLPLODU�UHVXOWV�
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6XSSOHPHQWDU\� )LJXUH� ��� 'HULYDWLRQ� RI� SHU�SDUWLFOH� GHIRFXV� EDVHG� RQ� =�KHLJKW� YDOXHV�� �D��
6FKHPDWLF� IRU� GHULYDWLRQ�RI� SHU�SDUWLFOH�&7)�SDUDPHWHUV��'HIRFXV� DW� WKH�SRVLWLRQ�RI� WKH� WLOW�D[LV� LV�
FDOFXODWHG�DV��K䌫FRVș�[䌫WDQș��ZKHUH�K�LV�WKH�GLVWDQFH�RI�WKH�VSHFLPHQ�WR�WKH�WLOW�D[LV��[�LV�WKH�GLVWDQFH�
RI�WKH�VSHFLPHQ�WR�WKH�FHQWUDO�SRLQW��ZKHUH�WKH�GHIRFXV�LV�DFWXDOO\�PHDVXUHG���DQG�ș�LV�WKH�WLOW�DQJOH��
7KH�KHLJKW�FKDQJH�IRU�WKH�SHU�SDUWLFOH�FRUUHFWLRQ�LV�HVWLPDWHG�IURP��FRVș䌫�3]�3[䌫WDQș���ZKHUH�3[�LV�
WKH�SDUWLFOH¶V�GLVWDQFH�WR�D�SODQH�WKURXJK�WKH�WLOW�D[LV�DQG�RUWKRJRQDO�WR�WKH�VSHFLPHQ�SODQH��DQG�3]�LV�
WKH� UHODWLYH� KHLJKW� RI� WKH� SDUWLFOH� �UHG� GRW�� ZLWK� UHVSHFW� WR� WKH� SODQH� RI� WKH� WLOW�D[LV�� �E�� ;=�
FURVV�VHFWLRQ� WKURXJK� WRPRJUDSKLF� UHFRQVWUXFWLRQ� VKRZLQJ� WKH� UHODWLYH� KHLJKW� DW� WKH� VSHFLPHQ�
SRVLWLRQ�ZLWK�UHVSHFW�WR�WKH�SRVLWLRQ�RI�WKH�WLOW�D[LV��EOXH�GRW��
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6XSSOHPHQWDU\� )LJXUH� ��� 5HVROXWLRQ� LPSURYHPHQW� REWDLQHG� E\� &637� RQ� PDPPDOLDQ� ��6� ULERVRPH�
GDWDVHW��(03,$5��������� �D�F��2YHUYLHZ�RI�UHFRQVWUXFWLRQ��WRS���GHQVLW\�IRU�DQ�51$�KHOL[��PLGGOH���DQG�
DOSKD�KHOLFDO� VHJPHQWV� �ERWWRP��ZLWK� ILWWHG� DWRPLF� FRRUGLQDWHV�3'%� ,'��9�5� IRU� WKH�����c� UHFRQVWUXFWLRQ�
REWDLQHG�XVLQJ�(0$1���(0'��������D���WKH�����c�PDS�REWDLQHG�XVLQJ�0��(0'���������E���DQG�RXU�����c�
UHVROXWLRQ� UHFRQVWUXFWLRQ� �F��� �G�� &RUUHVSRQGLQJ� )6&� FXUYHV� EHWZHHQ� KDOI�PDSV�ZLWK� UHVROXWLRQV�PHDVXUHG�
DFFRUGLQJ�WR�WKH�������FXWRII�FULWHULD�
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6XSSOHPHQWDU\� )LJXUH� ��� 5HVROXWLRQ� LPSURYHPHQW� REWDLQHG� E\� &637� RQ� (�� FROL� ��6� 5LERVRPH�
GDWDVHW� �(03,$5�������(0'��������� �D�� 2YHUYLHZ� RI� UHFRQVWUXFWLRQ� �OHIW��� DOSKD� KHOLFDO� VHJPHQWV�
�PLGGOH���DQG�GHQVLW\�IRU�D�VHJPHQW�RI�51$��OHIW��ZLWK�ILWWHG�DWRPLF�FRRUGLQDWHV�3'%�,'��0'=�IRU�WKH���
c�UHVROXWLRQ�UHFRQVWUXFWLRQ�REWDLQHG�XVLQJ�HP&ODULW\���E��&RUUHVSRQGLQJ�SDQHOV�IRU�WKH�����c�UHVROXWLRQ�
UHFRQVWUXFWLRQ� REWDLQHG� XVLQJ� &673�� �F�� )6&� FXUYH� EHWZHHQ� KDOI�PDSV� IRU� WKH� &637� UHFRQVWUXFWLRQ�
VKRZLQJ�WKH�HVWLPDWHG�UHVROXWLRQ�DFFRUGLQJ�WR�WKH�������FXWRII��
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6XSSOHPHQWDU\�)LJXUH� ���5HVROXWLRQ� LPSURYHPHQW� REWDLQHG�E\�&637�RQ�5\5�� LRQ� FKDQQHO�
GDWDVHW� �(03,$5�������(0'��������� �D�� 2YHUYLHZ� RI� UHFRQVWUXFWLRQ� �OHIW��� ]RRPHG� LQ� YLHZ�
�PLGGOH���DQG�GHQVLW\�IRU�DOSKD�KHOLFDO�VHJPHQWV��OHIW��ZLWK�DWRPLF�FRRUGLQDWHV�3'%�,'��*.<�ILW�
LQWR�WKH�RULJLQDO�����c�UHVROXWLRQ�UHFRQVWUXFWLRQ�REWDLQHG�XVLQJ�G\Q�UHO���E��&RUUHVSRQGLQJ�SDQHOV�
IRU�RXU�����c�UHVROXWLRQ�UHFRQVWUXFWLRQ�REWDLQHG�XVLQJ�&673���F��)6&�FXUYH�EHWZHHQ�KDOI�PDSV�IRU�
WKH�&637�UHFRQVWUXFWLRQ�



6XSSOHPHQWDU\�)LJXUH����'LVWULEXWLRQ�RI�SRVLWLRQV� VHOHFWHG� IRU�SURFHVVLQJ� IURP�WKH�%,6�
SDWWHUQ�DFFRUGLQJ� WR�GLVWDQFH� IURP� WKH� WLOW�D[LV��2XW�RI� D� WRWDO� RI� ���� WLOW�VHULHV� FROOHFWHG�
RYHU����DUHDV��WKH�EHVW����WLOW�VHULHV�ZHUH�VHOHFWHG�IRU�GDWD�SURFHVVLQJ�EDVHG�RQ�WKH�HVWLPDWHG�
&7)� UHVROXWLRQ�� +LVWRJUDP� VKRZV� WKDW� VHOHFWHG� SRVLWLRQV� ZHUH� VSUHDG� DFURVV� D� UDQJH� RI�
GLVWDQFHV�IURP�WKH�WLOW�D[LV�
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6XSSOHPHQWDU\� )LJXUH� ��� ,QFUHPHQWDO� LPSURYHPHQW� LQ� UHVROXWLRQ� REWDLQHG� IRU� WKH� G173DVH�
&(7�69$�VWUXFWXUH���D�E��+DOI�PDS�)6&�FXUYHV��D��DQG�GHQVLW\�IRU�DQ�DOSKD�KHOL[�ZLWK�ILWWHG�DWRPLF�
PRGHO��E��IRU�&637�UHFRQVWUXFWLRQV�REWDLQHG�DW�GLIIHUHQW�VWDJHV�RI�SURFHVVLQJ��%DVHOLQH�UHFRQVWUXFWLRQ�
REWDLQHG�XVLQJ�D�VLQJOH�QRQ�DVWLJPDWLF�GHIRFXV�SHU�WLOW�VHULHV�DQG�QR�H[SRVXUH�ZHLJKWLQJ������c��JUHHQ���
UHFRQVWUXFWLRQ� REWDLQHG� XVLQJ� D� SHU�WLOW� &7)� PRGHO� ZLWKRXW� ����� c�� EOXH�� DQG� ZLWK� DVWLJPDWLVP�
FRUUHFWLRQ������c��PDJHQWD���PDS�REWDLQHG�XVLQJ�WKHRUHWLFDO�H[SRVXUH�ZHLJKLQJ�DV�LPSOHPHQWHG�LQ�WKH�
,02'�SDFNDJH������c��JUD\���DQG�ILQDO�PDS�REWDLQHG�XVLQJ�RXU�DVWLJPDWLF�SHU�WLOW�&7)�PRGHO�DQG�WKH�
VHOI�WXQLQJ�H[SRVXUH�ZHLJKWLQJ�ILOWHU������c��UHG��
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6XSSOHPHQWDU\� )LJXUH� ���&RPSDULVRQ� RI� &(7� DQG� 63$� VWUXFWXUHV� RI� G173DVH�� �D��+DOI�PDS� )6&�
FXUYHV�RI� UHFRQVWUXFWLRQV�GHWHUPLQHG�E\�%,6(&7�&637�IURP� WLOW�VHULHV�FROOHFWHG�XVLQJ� WLOW�UDQJHV�RI������
�JUHHQ�� DQG������ �EOXH��ZLWK� ��� LQFUHPHQWV�� DQG�63$� UHFRQVWUXFWLRQ� REWDLQHG� IURP�PLFURJUDSKV� DFTXLUHG�
ZLWKRXW� WLOWLQJ� �UHG��� (VWLPDWHG� UHVROXWLRQV� DFFRUGLQJ� WR� WKH� ������FULWHULD� DUH� ���� c�� ���� c� DQG� ���� c��
UHVSHFWLYHO\���E��&RPSDULVRQ�RI�VHFRQGDU\�VWUXFWXUH�IHDWXUHV�EHWZHHQ������%,6(&7�&637�DQG�63$�PDSV�
�UHJLRQV�FRUUHVSRQG�WR�WKRVH�SUHVHQWHG�LQ�)LJXUH��G���
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